INTRODUCTION
Protein synthesis can be triggered in spatially restricted cytoplasmic compartments in neuronal processes (dendrites and axons) by external stimuli 1, 2 . This provides an adaptable mechanism for regulating local cellular responses and requires mRNA localization. Direct visualization of protein synthesis over a short timescale (min) can yield valuable information about local protein dynamics in response to external triggers. Fluorescent reporters are essential tools in live cell imaging to study protein dynamics such as trafficking and turnover. For the study of regulated protein synthesis, the regulatory elements of the mRNAs of interest are added to the coding sequence of the fluorescent reporter to recapitulate the endogenous control of protein translation. Under regulated translational control, the changes in the fluorescence intensity of the reporter protein over time can be monitored and used to determine the changes in protein level. Most of the mRNA regulatory elements are located within the UTRs 5¢ and 3¢ to the coding sequence. Whereas 5¢UTRs contain different regulatory elements such as the m 7 GpppG cap, secondary stem-loop structures, upstream open reading frames, upstream AUG codons and internal ribosome entry sites to initiate and inhibit translation, 3¢UTRs have diverse regulatory elements including a poly(A)-tail, cytoplasmic polyadenylation elements and the hexanucleotide signal to control translation 3 . Previous studies have used the 3¢UTRs of mRNAs such as the Ca 2+ /calmodulin-dependent kinase II-a subunit, tau, EphA2, RhoA and b-actin to control the expression of fluorescence reporters to test local protein synthesis in both dendritic and axonal neurons [4] [5] [6] [7] [8] . In b-actin mRNA, for example, the 3¢UTR is particularly important because it functions not only in translation regulation, but also in mRNA localization. The localization of b-actin mRNA has been shown to require a cis-acting element located in the 3¢UTR called the zipcode 9, 10 . This sequence can target the linked mRNAs to specific cytoplasmic compartments in axons and fibroblasts 8, 10, 11 . Moreover, evidence shows that the zipcode in the 3¢UTR of b-actin mRNA is important for the spatiotemporal control of b-actin translation 12 .
Classically, simple fluorescent reporters such as green fluorescent protein (GFP) have been used to study protein synthesis in neurons by monitoring the changes in the fluorescence intensity 4, 5, 13 . This approach can be enhanced by the photobleaching technique to optically isolate the soma from the neurite as well as fluorescence recovery after photobleaching (FRAP) for easier detection of changes in the fluorescence signal relative to the basal level after photobleaching (owing to the higher relative change compared with a lower starting level) 4 . With the development of properties of fluorescent reporters such as photoactivation, photoconversion and time-dependent spectral changes [14] [15] [16] , new methods to study protein synthesis in neurons have emerged over the past 5 years. For example, Flanagan and colleagues 6 used a Fluorescent Timer protein that changes color with time to demonstrate local protein synthesis in axonal growth cones in vivo. More recently, our group and Jan and colleagues 7, 17 have used a photoconvertible fluorescent protein, called Kaede, to reveal directly local synthesis of new protein driven by the 3¢UTRs of b-actin in retinal growth cones and the Kv1.1 channel in hippocampal dendrites. These new methods offer several advantages over FRAP. First, fluorescent proteins that switch their spectral emission allow the possibility of distinguishing between new and preexisting proteins 18 and are, therefore, useful for visualizing the synthesis of new proteins. The ability to monitor the preexisting protein simultaneously provides extra information, such as degradation and diffusion of the protein, which cannot be obtained by using FRAP. This information is potentially useful for correcting the artifacts caused by degradation and diffusion, as well for providing internal controls for the translation of the new protein. Second, the time required for the irradiation of a specific wavelength of light to induce photoconversion is in the scale of seconds, and the wavelength used for photoconversion may be different from the observation wavelength. This is in contrast with photobleaching in FRAP, where the observation wavelength is used, and usually complete photobleaching requires a longer time to achieve, which can lead to phototoxic effects due to the energy release after the chromophore excitation. When fluorophores are excited, they produce reactive oxygen species that react with proteins, nucleic acids and fluorophores leading to photobleaching [19] [20] [21] and, at the same time, cell cycle arrest or cell death 22 .
Kaede, meaning 'maple' in Japanese, is a photoconvertible fluorescent protein cloned from the stony coral Trachyphyllia geoffroyi 15 . Upon UV or violet light illumination (350-410 nm), Kaede protein changes from its native green form (Kaede-green) to a photoconverted red form (Kaede-red), like maple leaves in autumn. As this change occurs through cleavage of the peptide backbone, the photoconversion is stable 15, 23 . His62 in the Kaede protein is essential for this photoinduced cleavage. Upon UV irradiation, the cleavage occurs at the N a -C a bond of the His62 residue. The subsequent loss of a proton from His62-C b forms a double bond between His62-C a and C b , leading to the extension of the p-conjugation and, thus, a new red-emitting chromophore 23 . Under normal aerobic conditions, photoconverted Kaede has been shown to be irreversible after dark exposure or strong illumination at 570 nm (ref. 15) . Moreover, studies using fluorescence correlation spectroscopy demonstrate that the photoconversion reaction, indeed, leads to the formation of a new chromophore 24 . One of the advantages of using Kaede is the large separation between the peak wavelengths required for efficient photoconversion and subsequent observation. Specifically, the excitation wavelengths (470 nm, with emission filters 510WB40 and 575ALP for green and red fluorescence, respectively) used for observation do not induce further photoconversion 15 . The stable photoconversion permits detection of newly synthesized protein by visualizing the return of Kaede-green, while retaining the ability to track the dynamics of the preexisting Kaede-red protein. Therefore, the use of Kaede permits quantitative measurements to be made of both preexisting and new protein by analyzing the Kaede-red and Kaede-green signals after photoconversion.
Kaede has been expressed successfully in mammalian, avian, amphibian and fish cells, demonstrating the efficient maturation of the chromophore at a wide range of temperatures 7, 17, 18, 25, 26 . Although the maturation time of Kaede has not been accurately measured, the most rapid maturation of a fluorescent protein reported to date, Venus, has a time constant of about 2 min at 37 1C (refs. 27,28) . Therefore, there is likely a time lag between completion of translation and the detection of fluorescence expression resulting in the speed of de novo synthesis being underestimated. It should be noted that Kaede is an obligate tetramer and has a tendency to form aggregates when fused to other proteins 15 , rendering it less suitable for fusion protein studies. Therefore, instead of constructing a Kaede fusion protein, the reporter alone should be built under the control of the 3¢UTR of interest. To extend the application of photoconvertible proteins to fusion protein studies, monomeric variants have been developed. EosFP from stony coral Lobophyllia hemprichii has been mutated to generate a monomeric version called mEosFP that forms a chromophore at temperatures below 30 1C (ref. 29) . For the application of fusion proteins in bacterial and mammalian cells, dendGFP (cloned from octocoral Dendronephthya sp.) has been mutated to produce a monomeric variant, Dendra, that efficiently matures at 37 1C (ref. 30) .
Different transfection techniques have been used to express fluorescent reporter constructs in neuronal cells, including microinjection, viral infection, lipofection and electroporation 4, 6, 8, 13, 17, 31 . In Xenopus laevis, microinjection can be used to introduce DNA, mRNA and oligonucleotides, and the procedure can be performed at the single-cell stage or later, which gives the advantage of being able to transfect a large amount of cells 32 . Unlike other transfection techniques that require uptake of injected material through the membrane, which results in a mosaic expression pattern in fewer cells, microinjection introduces injected material directly into the cells, especially in early-stage embryos. The large size of the fertilized egg (1.4 mm diameter) and subsequent blastomeres allows the direct injection of a large volume (up to 20 nl) of DNA/mRNA, resulting in long-lasting and high levels of expression in a large number of progeny cells. Microinjection targeted to cells fated to give rise to the eyes results in high levels of transgene expression in retinal neurons, including retinal ganglion cells (RGC). Using this method, transgene-expressing eyes can be collected for in vitro culture to study local protein synthesis in retinal ganglion axons. Injected mRNAs are stable up to the neurula stage of development, and injected DNA can persist for up to 8 months 33, 34 . As eye primodia develop only after stage 24, to study local protein synthesis in retinal axons beyond this stage, cDNA constructs were injected. The earliest stage to perform other transfection techniques for eye expression is stage 15, which does not provide sufficient time to highly express the injected DNA for screening at stage 24 to prepare primary neuronal cultures [35] [36] [37] . Although electroporation of RNA at stage 21 can also be used to express Kaede in the eyes, microinjection has the advantage of transfecting a larger number of cells. Therefore, microinjection is the method of choice for these experiments.
In a previous study, we used a cDNA construct of Kaede linked to the b-actin 3¢UTR to observe the synthesis of new protein driven by the b-actin 3¢UTR in Xenopus retinal growth cones 7 . Using this method, the translational regulatory functions in the UTRs of specific mRNAs can be tested. The subcloning strategy can be found in the supplementary methods section of the original paper (http:// www.nature.com/neuro/journal/v9/n10/extref/nn1775-S8.pdf). In this protocol, detailed procedures of how to obtain transgeneexpressing primary neurons by microinjection and analyze them with live imaging are described (Fig. 1) . These procedures are divided into four parts: (i) microinjection, (ii) tissue culture, (iii) photoconversion and live imaging and (iv) data analysis. With suitable adaptations, this protocol can be applied to other studies such as cell tracking and protein trafficking in neurons. For example, tracking of a photoconverted red target (e.g., growth cone) in a green background can be performed using time-lapse imaging after photoconversion of a particular cell expressing Kaede. These procedures can be adapted to other fluorescent proteins such as Dendra. . Control constructs for injections, for example, to perform control experiments for the translation regulation of the 3¢UTR, inject a construct with a mutated 3¢UTR
. Chloroform (Sigma, C2432) . Sylgard . Cysteine (Fluka, 30090) . Ficoll (Sigma, F4375) . Antibiotic-antimycotic (100Â), liquid (10,000 U ml À1 penicillin, 10,000 mg ml À1 streptomycin and 25 mg ml À1 amphotericin B as fungizone, PSF) (GIBCO, 15240-062) . L15 medium (GIBCO, 11415) . 3 The specifications of the filter blocks used are as detailed in the following table. Alternative imaging setups suitable for DAPI, GFP and rhodamine can also be used. For details of the excitation and emission spectra of Kaede, please see ref. 15 .
Connect the microscope to a cooled CCD digital camera with high resolution (1.37 million pixels) and high quantum efficiency (18,000 electrons) and low noise (6 electrons) for low light level imaging. Use imaging software (e.g., OpenLab) for image acquisition. An optional shutter system can be connected for easy control of the illumination. See EQUIPMENT for the actual equipment used. Alternatively, set up an inverted confocal microscope equipped with standard diode (or UV), Argon and Helium-Neon lasers for excitation at wavelengths of 405 nm (or 364 nm), 488 nm and 543 nm, respectively. Gridded dish This is used to hold and align embryos in place for injection. Cut a circle of 56 mm diameter from the nitex mesh and put it into a 60-mm Petri dish. Secure the nitex mesh by putting four drops of chloroform in the corners to melt the plastic together. Allow it to dry before use. The gridded dishes can be cleaned with water and reused. ! CAUTION Chloroform is toxic. Handle with care in fume hood. m CRITICALThe grid has to be securely attached to the Petri dish to hold embryos in place to avoid unwanted movement of embryos during injection. The bottom of the Petri dishes has to be flat. Micropipette Use the micropipette puller to modify the shape of the glass capillaries. The pipette puller breaks a capillary into halves with a long thin tip (Fig. 2, panels a,b) . The optimal outer diameter of the tip is 18-20 mm. To obtain this, measure the diameter of the tip under the microscope. Hold the blunt end of the micropipette with one hand. Break off about 300 mm from the tip with a pair of no. 5 forceps at a tilted angle, ideally, to obtain a tapered end for easy penetration into the cells. Store the micropipettes carefully in a container so as not to damage the tips (e.g., 150-mm Petri dish with blu-tac at the bottom to hold the middle of each micropipette individually and securely). Sylgard dish Mix Sylgard according to the manufacturer's manual and half-fill a 35-mm Petri dish with the mixture. Leave the mixture to set at 60 1C overnight. PROCEDURE Microinjection 1| After fertilization, monitor the development of the embryos closely to catch the right time for dejellying. The embryos can be dejellied (see Step 6) at the four-cell stage, just less than 2 h after fertilization. The protocol for dejellying and microinjection described here are similar to methods described in refs. 32,38. m CRITICAL STEP All procedures are performed at room temperature (20-21 1C), unless specified.
2| While monitoring the embryos periodically, calibrate the volume of injection as follows. Aim to inject 5 nl per cell at the four-or eight-cell stage, but reduce the volume for injection at later stages. Inject a maximum of 500 pg of Kaede DNA or 1 ng of RNA construct and adjust the concentration accordingly. m CRITICAL STEP The larger the amount of construct injected, the more toxic it is to the embryos. Therefore, it is important to keep quantities of injected material to a minimum. m CRITICAL STEP Injection of DNA results in a more mosaic expression. The constructs are transcribed only after the mid-blastula transition and last for a longer time. It is suitable for translation studies beyond neurula stage (see INTRODUCTION). Injection of RNA results in earlier onset and more homogeneous expression of the transgene. Although the protein expression from RNA injection persists beyond stage 40, injected RNAs are usually degraded before the neurula stage. Therefore, to study translation, RNA injection is only suitable for studies with embryos before neurula stage.
3| Fill the micropipette with 3-5 ml injection solution. To back-fill the micropipette, use a microloader; this option is faster, but may introduce bubbles in the micropipette more easily. Alternatively, fill the micropipette by suction using the microinjector. This option prevents air bubble formation, but it takes a long time (about 20 min) to fill the required volume.
4| Insert the micropipette into the micropipette holder attached to the micromanipulator. Position the micromanipulator to one side of the microscope. Lower the filled micropipette into a Petri dish filled with mineral oil until the tip is just immersed. Apply pressure with the microinjector. A small spherical drop will form at the pipette tip in the oil.
5| Calibrate the volume of the drop to 5 nl per pulse by adjusting the pressure and duration of injection, which vary considerably depending on the micropipette. The diameter of a 5-nl sphere is 214 mm. Alternatively, inject a drop formed by 2 pulses into the oil and calibrate the sphere to 270 mm diameter. A guideline to the PLI-100 Microinjector settings is that an injection pressure of 15-60 PSI requires injection times of 10-70 ms. After calibration, remove the micropipette from the mineral oil. Put aside the dish of mineral oil. ? TROUBLESHOOTING 
At the four-cell stage (2 h postfertilization), remove the buffer in the Petri dish holding the embryos and replace it with 5 ml of 2% (wt/vol) cysteine (pH 7.8-8.0). Make sure that the solution covers the embryos completely. The embryos can also be dejellied at the two-cell stage (1.5 h postfertilization). However, early dejellying is likely to increase the death rate. m CRITICAL STEP There is about 15 min before the cells divide at the four-cell stage. Perform Steps 6-11 quickly to obtain the embryos at the desired stage. m CRITICAL STEP Do not add cysteine when cells are dividing. This will damage the embryos.
7|
Leave the cysteine for 3-5 min and swirl the dish slightly until the embryos become less sticky. Cysteine is a reducing agent that breaks disulfide bonds of mucopolysaccharides, resulting in fragmentation of the jelly coat. m CRITICAL STEP Do not leave the embryos in cysteine for any longer than required. Cysteine damages the embryos after the jelly coat is removed. It is advisable to monitor the embryos during the process. Proceed to the next step immediately when the fragmented jelly coats can be seen in the solution.
8| Once the embryos swirl around freely, pour them into a 250-ml beaker with about 100 ml of 0.1Â MBS. Decant the solution quickly and rinse the embryos five more times with 100 ml of 0.1Â MBS to remove trace amounts of cysteine. Pour the cleaned embryos into a clean Petri dish. ? TROUBLESHOOTING 9| Pour just enough 4% (wt/vol) Ficoll into the gridded dishes to cover the bottom. Tap the dish on the bench several times to get rid of the bubbles formed in the grid. Alternatively, scrape the grid with a transfer pipette to remove bubbles. Fill the dish halfway with 4% (wt/vol) Ficoll. Injections are performed in 4% (wt/vol) Ficoll to prevent leakage from the injection site.
10| Select 50 healthy, dejellied embryos and transfer them into the gridded dish using a 3-ml transfer pipette. Transfer some healthy embryos to a separate dish; these serve as uninjected controls. Uninjected controls provide information of wild-type viability after dejellying. m CRITICAL STEP Select only good-quality embryos to increase the survival rate. Good-quality embryos have deep junctions between cells. A white gap between cells is an indication of embryos of inferior quality, which are more likely to die, although sometimes these embryos get themselves repaired after a while ( Fig. 2d and e) .
11| Align and orient the embryos gently with a pair of coarse forceps under the microscope so that the animal side is up and the dorsal side is to the right (i.e., two smaller and lighter cells on the right). The animal dorsal cells will give rise to the eyes 40 . The alignment of the embryos is easiest at the four-cell stage. It is also possible to do it at the eight-cell stage. At stages beyond this point, it is more difficult to distinguish the appropriate orientation. m CRITICAL STEP After aligning the embryos, avoid moving the dish. If it has to be moved, do it slowly and gently so that the embryos stay in their aligned position. ? TROUBLESHOOTING 12| Inject 5 nl (1 pulse) of the solution into the cytoplasm of one or both animal dorsal cells at the four-cell stage (maximum 10 nl). Push the micropipette through the cell membrane and withdraw it slightly until the cell surface is flat and only the tip is inside the cell. Make a pulse to inject the solution, and remove the micropipette quickly. This withdrawal motion before injection loosens the micropipette to allow fast removal of the micropipette from the cell to prevent backflow. Continue to the next embryo by moving the dish. m CRITICAL STEP Check the flow of the micropipette between each (row of) injection because the tissue may block the micropipette. To do this, make a pulse in the 4% (wt/vol) Ficoll; the injection solution can be seen leaving the micropipette due to the different densities of the solutions. If the injected material contains a colored dye, a colored liquid sphere can be visualized within the mineral oil during the calibration, and the colored liquid can be seen in the 4% (wt/vol) Ficoll when checking the flow of the micropipette. However, due to the pigmentation of the embryos, the dye is barely visible when injected into the blastomeres. m CRITICAL STEP Inject appropriate control constructs to separate batches of embryos to perform control experiments at this stage. ? TROUBLESHOOTING 13| Keep the embryos in 4% (wt/vol) Ficoll for about 1 h after injection until the puncture wound is healed. The higher density of the solution collapses the vitelline space and increases the pressure on the embryo to prevent leakage of cytoplasm. Do not raise the embryos in 4% (wt/vol) Ficoll because this often causes developmental defects.
14| Rinse the injected embryos three times with 0.1Â MBS. Gene expression from injected DNA constructs is usually detected within 6 h, whereas gene expression from injected RNA constructs is generally observed sooner. m CRITICAL STEP Protect the embryos from natural light as it can convert the color of Kaede 15 . 17| Coat ten glass-bottomed dishes with 10 mg ml À1 poly-L-lysine overnight at room temperature.
15|
18| Remove poly-L-lysine and allow the dish to dry. Coat the dish with 10 mg ml À1 laminin-1 in L15 for 1-3 h.
19|
In the meantime, check the fluorescence signal of the Kaede protein in the embryos under a fluorescence dissecting microscope with blue excitation light and select embryos that have strong expression in the eyes (Fig. 2c) . m CRITICAL STEP Do not expose the embryos to UV light to avoid converting the Kaede-green protein to Kaede-red.
20|
Remove laminin-1 from the glass-bottomed dish and rinse the dish with culture medium once. Add 400 ml of culture medium into the glass bottom of the dish. The solution forms a convex meniscus.
21|
Remove the vitelline membrane of the selected embryos with forceps. Rinse the embryos three times in 0.1Â MBS containing 1% (vol/vol) PSF and then anesthetize them with 0.04% (wt/vol) MS222. Secure the embryos with dissection pins in a Sylgard dish containing 1:1 culture medium and MS222.
22| Remove the skin covering the eyes and dissect the eye primordia of the embryos using 0.15-mm dissecting pins. Keep the eyes intact for the culture to avoid non-RGC sending processes outside the eyes on the glass-bottomed dish. If explants have to be used, cut the eyes into 3-4 pieces with a 27G needle or dissection pins.
23| Fill a P200 pipette with 100 ml of culture medium in the pipette tip. Expel a small amount of the solution from the tip and then collect the dissected eyes in the half-filled pipette tip. m CRITICAL STEP Drawing the eyes into an empty pipette tip will cause the eyes to stick to the wall of the pipette tip.
24| Wash the eyes three times in culture medium and place 3-5 eyes or 8-10 explants with the RGC side down on each glass-bottomed culture dish with culture medium. Space out the tissues in the middle of the culture dish to allow sufficient space for the axons to grow without touching each other. m CRITICAL STEP For experiments where guidance cues will be added, only one growth cone can be used in each dish. It is therefore sensible to put just as many eyes in each culture dish that will result in one Kaede-expressing growth cone and prepare more dishes.
25|
Leave the culture dishes in the hood for at least 30 min to allow the eye tissues to attach to the glass before moving them. Culture the eye tissues for 14 h in a 20 1C incubator. See also ref. 38 for information about tissue culture.
Imaging 26| Transfer the glass-bottomed dish to the inverted microscope for live imaging. To avoid forming a convex meniscus that interferes with the optics due to refraction, remove excess culture medium until the surface is flat. The minimal volume required to keep the culture completely under the medium is 200 ml and it is optimal to reduce the amount of reagent needed for stimulation.
27| Using phase optics, visualize the growth cones at Â100 magnification and locate those that are healthy. A healthy growth cone should have several motile filopodia and have a core width of about 5 mm.
28| Using a blue excitation filter set, illuminate the growth cones and select one that expresses Kaede protein. Use neutral density filters to attenuate the intensity of light to minimize phototoxicity and bleaching of the fluorescence signal. Reduce the size of the aperture so that only the center of the field of view is illuminated. This prevents bleaching of the surrounding fluorescence signal. A shutter system is an optional recommendation for convenient control of illumination.
29| Under the 20Â objective, remove the cell body of the growth cone using an insect pin held by a pin holder. This can be done either by hand or by mounting the pin holder to the micromanipulator. When cutting the neurite by hand, rest both hands on the stage of the microscope. It also helps to use one hand to hold the pin and the other to stabilize it. If the micromanipulator is used, a glass micropipette can also be used instead of an insect pin. Scrape/touch the bottom of the dish to cut the neurite by moving the pin back and forth. The cut should be made near the cell body end to obtain a long neurite, because growth cones with long neurites survive better than the ones with short neurites. A 20Â (NA ¼ 0.50) objective provides a good field of view with sufficient magnification and resolution to observe the morphology for cutting. m CRITICAL STEP It is very tricky to make a clean cut because the neurites are elastic and they stick to the dissection pins. As a result, the neurites are often dragged and pulling other tissue in the culture dish. Dip the pin into 0.1% (wt/vol) BSA in medium before cutting to minimize the chances of sticking. Despite this precaution, cutting the neurite is still very difficult and, unfortunately, it is successful less than half of the time. 30| After axotomy, assess the health of the severed neurite, preferably at a high magnification (Â40 or above). A healthy neurite is straight and continuous with small branches. An unhealthy neurite is 'beaded' with multiple swellings along its length.
31| Under the 100Â objective capture a phase image and fluorescent images of the severed growth cone with blue and green excitations. These are the images before photoconversion. The following image acquisition settings are guidelines only; the end user should determine the parameters depending on the expression of the construct and the actual equipment used.
To start with, take 12-bit images using exposure time 300 ms, neutral density ND4, gain 255, offset 0 and binning 0, and adjust accordingly. The dynamic range of the CCD camera used is 2,250:1. In certain models of the inverted microscope, the built-in Â1.5 intermediate magnification dial can be used to increase the magnification. Therefore, a 60Â objective can be used to replace the 100Â objective. If the microscope is equipped with a photomask reticle, use it to aid repositioning the growth cone to the original position after photoconversion.
32| Switch to the UV filter set. Use neutral density filters ND 12 to attenuate the intensity of the UV excitation light to 3% transmission to protect the growth cone from phototoxicity. While observing the growth cone, expose it to the UV excitation light for 6-10 s and photoconvert Kaede-green to Kaede-red 18 . Turn on the bright-field light source at the same time if necessary. Move the stage to expose the adjacent segment and repeat the illumination until the severed end of the neurite is reached. m CRITICAL STEP The required exposure time and UV excitation intensity vary depending on the magnification and the NA of the objective lens used. For each new set of experiments, determine the suitable intensity of the UV excitation by testing the photoconversion with the lowest UV excitation and increasing it until the photoconversion is achieved within 10 s with no sign of phototoxicity of the growth cone. Growth cones damaged by phototoxicity can be distinguished by the cessation of motility, the withdrawal of filopodia and the beaded appearance of neurites due to the rapid formation of large swellings. To minimize phototoxicity of the growth cone and the neurite, always minimize the amount of UV excitation light used.
33| Switch to the blue excitation filter to check if the green Kaede protein signal has already been converted. If a trace amount of green is still visible, repeat Step 32 once. To check the efficiency of the photoconversion, define a region of interest (ROI) within the growth cone and measure the fluorescence intensity of Kaede-green in the selected region before proceeding to the next step. This value should be similar to the surrounding background area (±10%). m CRITICAL STEP Repeated UV irradiation to the growth cone increases the chance of impairing its health. Step 12, variable: injecting 50 embryos takes 10-15 min.
Step 13: 0.5-2 h
Step 14: 5 min
Step 15: 1 d
Step 16: 45 min
Step 17: 5 min
Day 2
Step 18: 1-3 h
Step 
ANTICIPATED RESULTS
The survival rate of the embryos after dejellying depends on the embryo quality and varies from 0% to over 90%. The mechanical damage induced by microinjection can be assessed by comparing injected embryos (with water or control constructs) to dejellied uninjected embryos. Microinjection usually increases the abnormalities or the death rate of the dejellied embryos by about 10%. After injection, the expression of the Kaede construct linked to the b-actin 3¢UTR can be detected by stage 10. Kaede construct is expected to be detected in over 80% of surviving embryos. At stage 24, the expression of the construct can be detected in the eyes (Fig. 2c) . Tissue cultures from these eyes give rise to growth cones that express the construct. Usually only less than 5% of these growth cones express detectable Kaede. The use of a camera with high sensitivity allows time-lapse imaging of the fluorescent signals of the growth cones. The Kaede-green signal is intense and the Kaede-red is undetectable/low (200-400 pixels) before UV-induced photoconversion (Fig. 3a-f) . After UV illumination, the two signals are reversed, that is, the Kaede-green is undetectable/low (200-400 pixels) and the Kaede-red is intense. The level of autofluorescence in the nontransfected neurons is similar to the signal detected in the green channel after photoconversion and in the red channel before photoconversion-around 200-400 pixels, which is ±10% of the surrounding background. In the case that Kaede is driven by the 3¢UTR of b-actin, the Kaede-green signal increases with time after stimulation with netrin-1 (within minutes), demonstrating local protein synthesis in severed growth cones 7 ( Fig. 3g-l) . In the control conditions, a decrease in the fluorescence intensity is detected over time, suggesting photobleaching and/or protein degradation during the assay. Therefore, the measured value of fluorescence intensity is lower than the actual increase that results from local protein synthesis in the axonal growth cone. Consistent with this, there is a small decrease (less than 15%) in the red signal over time, which is accounted for by photobleaching and/or protein degradation. To distinguish the difference between photobleaching and degradation, one can do the experiment in the presence of protein degradation inhibitors. In experiments where intact neurons are used and only the growth cones are photoconverted, recovery of the Kaede-green signal is observed within 1 min, implying protein diffusion. Diffusion of proteins from the soma results in overestimation of the amount of newly synthesized protein. Therefore, it is essential to sever the axons from the cell bodies (Step 29). On the other hand, diffusion of proteins away from the growth cone may lead to underestimation of the amount of protein synthesized. Plotting the change of the fluorescence intensity of Kaede-green at each time point relative to that of time 0 min shows the rate of protein synthesis as seen by the recovery of the Kaede-green protein in isolated growth cones (Fig. 3m) . 
